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Abstract 
In the process of production of shampoo, the smoothness of the bottle cap is an important part of 
the quality inspection. At present, the Cap smoothness detect is mainly completed by the human eye, the 
method has large error and accidental, is not precise enough. In this paper, a method based on image 
processing to detect the smoothness of bottle cap is proposed. The hardware device is designed and set 
up to realize the matching of image acquisition and light source. The sliding platform based on parallel 
slide rail is designed, which can be used to enter and remove samples, and to realize the accurate 
positioning of the sample. MATLAB and C language programming are used to achieve the image 
segmentation, enhancement, filtering and other processing of the bottle cap. This system overcomes the 
problem of eye detection, effectively eliminates the influence of outside interference, and achieves a high 
accuracy. 
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1. Introduction 
At present, the detection of shampoo bottle cap is mainly done by the human eye [1-5]. 
Human fatigue, individual differences make the detection results are also different [6,7]. Test 
results will be errors, resulting in the failure of the cap roundness detection, and ultimately lead 
to the production of residual products. In this paper, a method based on image processing to 
detect the smoothness of the shampoo bottle cap is studied. Image processing system is to use 
the machine to replace the human eye to do measurement and judgment [8-12]. In the process 
of large scale industrial production, the use of artificial visual inspection of product quality is low 
and the accuracy is not high, using machine vision detection method can greatly improve the 
production efficiency and the degree of automation of production [13-15]. 
 
 
2. System Overview 
 
2.1. Hardware Design 
The hardware device is mainly composed of computer, parallel sliding rail support 
platform and a test chamber. The parallel guide rail support platform is composed of a plurality 
of parallel guide rail assembly, the main role is to support the detection chamber.The parallel 
guide rail support platform is composed of a plurality of parallel guide rail, the main role is to 
support the detection chamber. Test chamber is composed of Industrial CCD camera, linear 
light source, and the moving guide for measuring the bottle cap. According to the imaging 
needs, a long strip of LED parallel light source is designed. Place the LED on the top of the two 
bottles to be detected. This structure can achieve a good separation of the image of the bottle 
cap and the image of the environment background. It is good for the camera to collect the 
image. Its structure is shown in Figure 1 [16, 17]. 
In order to obtain high quality bottle cap image, this paper designed an imaging device. 
In order to avoid the interference of external environment light, must ensure the detection 
chamber for work in the closed state. Parallel guide rail is the transmission device of the bottle 
cap, when the image collection, it must ensure that the fixed position of bottle cap, otherwise it 
will affect the bottle of the image and post processing and judgment. The actual detection 
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distance of bottle cap is required at 0.1 mm level, the machine can reduce the manual detection 
of human detection, also can improve the qualified rate of bottle cap. As shown in Figure 2. 
 
 
 
 
Figure 1. Structure principle 
 
 
Figure 2. Darkroom imaging device 
 
 
2.2. Software Design 
In this paper, we design the processing of the image of the bottle cap, output the test 
data and judge the test result. The software is realized by MATLAB image processing and C 
programming language. Finally, the test result of the bottle cap is output on the computer 
software interface.  
First of all, extract the bottle the image through the darkroom detection device. In this 
experiment, the algorithm of digital image processing is proposed, which is converted into the 
actual size, and the C language is used to compile the corresponding algorithm program and 
application interface. The software flow of the system is shown in Figure 3. 
 
 
 
 
Figure 3. System software process 
 
 
3. Image Processing Algorithm 
 
3.1. Filter Processing 
First of all, the image is processed by the digital image processing technology, and the 
image of the bottle cap is processed by using C language. In order to enhance the details of the 
original image, eliminate the noise and interference of the original image, this paper first carries 
on the filtering processing. Through the analysis, we can know that the noise types of the center 
of the core body of the bottle cap are Gauss noise, so the choice of mean filter, and the size of 
the mean filter template is bigger, the filtering effect is better. But some non real part of the 
original image will be enhanced accordingly. In this paper, we use 3*3, 5*5, 7*7 three kinds of 
templates to deal with the interception of Figure 4. 
After analysis and comparison, the effect of the 3*3 filter and 5*5 filter is better, but the 
7*7 filter image is too vague. In general, though, the 5*5 filter is better than the 3*3 filter for 
processing the noise, but the 5*5 filter can make the image edge details blurred. Finally, the 3 * 
TELKOMNIKA  ISSN: 1693-6930  
 
Detection System of Bottle Cap Smoothness Based on Image Processing (Yao Yu) 
271
3 filter, the enhancement and thinning of the original image, and combined with the detector 
core body center of image characteristic, this paper uses the value for each pixel averaging of 
the template, the template is shown in Figure 5. 
 
 
 
 
Figure 4. Three kinds of templates 
 
 
 
 
Figure 5. 3*3 template 
 
 
3.2. Edge Detection 
The basic principle of the edge detection operator is to determine the direction of the 
gray value by detecting the area of each pixel. Roberts edge detection operator is introduced, 
and the Roberts operator is a method to find the edge points in the local region of the image. It 
is in the practical application of the formula is as follows: 
 
gሺݔ, ݕሻ ൌ ሼሾ݂ሺݔ, ݕሻ െ ݂ሺݔ ൅ 1, ݕ ൅ 1ሿଶ ൅ ሾ݂ሺݔ ൅ 1, ݕሻ െ ݂ሺݔ, ݕ ൅ 1ሻሿଶሽభమ  (1) 
 
Which ݂ሺݔ, ݕሻ is the input image, gሺݔ, ݕሻ is the output image. 
Roberts edge detection algorithm for image processing is shown in Figure 6: 
 
 
 
 
Figure 6. Roberts edge detection algorithm for image processing 
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Prewitt operator is a differential operator of order, by calculating the difference of gray of 
a pixel neighbor for at the edge of the extremum, which detects the edge of the object, but also 
can remove the part of the false edge, and the noise caused by interference with a smoothing 
effect. The algorithm is based on the image space using horizontal and vertical direction of the 
two templates for detection of the image in the field of convolution to achieve. For example 
setting an image, the definition of the Prewitt operator is as follows: 
 
)](),(max[),( jgigjiP   
)()(),( jgigjip   (2) 
 
The idea of the classical Prewitt operator is, the first two arbitrary point of the image 
pixels respectively for the gray value and, then according to the request of two gray value and 
the difference, respectively, the X and Y direction derivative, thereby reducing the influence of 
noise, the final processed image is derived. All in all, the main idea is to sum up the gray value 
of the two regions and the partial derivatives of the two. The image of the Prewitt operator is 
shown in Figure 7. 
 
 
 
 
Figure 7. Prewitt edge detection algorithm for image processin 
 
 
Sobel operator is one of the operators in image processing, which is used for edge 
detection. As a discrete type of the first order difference operator, the image edge extraction is 
realized by calculating the gradient vector or its normal vector. As the template of Sobel 
operator is simple, and it is implemented in the form of fast convolution function, so it is widely 
used in the field of digital image processing. The traditional Sobel operator is an all - directional 
operator of an odd number (general 3*3 template), and the results are put on the center point. 
The specific method is to highlight the edge information of the image by using the weighted 
operation of the pixels around the central point. The advantage of Sobel is that the edge of the 
image is better, and the noise has a smooth function, and the formula of Sobel operator is 
calculated: 
 
ܵ ൌ ൛݀௫ଶሺ݅, ݆ሻ ൅ ݀௬ଶሺ݅, ݆ൟ
ଵ
ଶ 
(3) 
 
The template of the Sobel operator has two directions, and the horizontal and vertical 
edges are detected respectively in two directions. We only need to carry out vertical detection of 
the image, because the Sobel operator is used to calculate the different templates, but the size 
of the template and the value of the template, there is no uniform provisions. The image of the 
Sobel Prewitt operator is shown in Figure 8: 
 
 
 
Figure 8. Sobel edge detection algorithm for image processing 
 
 
The image of the shampoo bottle cap is processed by the edge detection operator,, 
from a macro perspective, although these algorithms are the image edge detection to the 
sharpening effect, but for the best under the edge of the gap coarse degree of smoothing the 
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Sobel operator, of Sobel operator, there is no unified standard algorithms for computing, 
because the size of the template and the template numerical how to take, there is no uniform 
provisions. Therefore, only the analysis of the specific figure to pixel gray distribution, then 
select the best template application. This paper presents an improved Sobel template shown in 
Figure 9: 
 
 
 
 
Figure 9. Improved Sobel template 
 
 
The image is processed by the improved template is shown in Figure 10: 
 
 
 
Figure 10. The Sobel operator improves the image after template processing 
 
 
3.3. Fusion Processing 
By observing the distribution of the pixel value after differential treatment, the image 
boundary is found to have 0 or 0 pixels. The data deviate from one line to the other, in order to 
guarantee the image distortion, the two images can be obtained by comparing the two images 
of the image boundary value. The image distortion caused by the differential treatment can be 
avoided. The final result image is shown in Figure 11. 
 
 
 
Figure 11. The final effect diagram after fusion 
 
 
4. Experimental Results and Data Analysis 
Through the experiment and comparison of many methods, the best image is obtained 
by the method. In order to improve the accuracy, 50 times of the pixel is calculated, and the 
average value of the output is 50 times, so that the accuracy can be improved. In actual 
production, the measured distance is more intuitive and easier to judge than the pixel value, so 
it is necessary to convert the pixel value into the measured distance, so it is more convenient to 
record the data storage. 
 
 
 
 
 
 
 
 
1 2 1
0 0 0
1 3 1
       
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Table 1. Original image data distribution 
129 127 132 125 132 125 129 125 130 142 
137 139 130 134 138 141 133 130 115 125 
129 122 122 124 131 126 126 113 110 104 
101 98 104 107 102 106 100 100 91 92 
77 79 79 80 83 78 80 81 80 74 
57 60 60 62 58 63 61 62 61 62 
44 48 48 44 48 46 50 50 50 48 
39 39 39 43 42 44 40 45 41 43 
 
 
Table 2. Numerical distribution of upper image by means of mean filtering 
147 145 145 145 146 146 146 146 151 159 
148 147 145 147 148 149 145 140 138 143 
137 136 136 138 140 139 135 128 123 122 
113 115 115 117 118 117 115 111 106 104 
87 90 92 93 93 92 92 90 89 86 
68 70 71 71 71 71 72 72 72 70 
54 55 56 56 57 57 58 58 58 57 
44 45 46 47 47 47 48 49 49 48 
 
 
Table 3. Edge detection data distribution based on classical Sobel algorithm 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 255 255 0 255 255 0 255 
255 0 255 255 255 255 255 255 255 255 
255 255 255 255 255 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
 
 
Table 4. Edge detection data distribution of the upper image with improved Sobel algorithm 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
 
 
Table 5. Data distribution of upper image by weighted fusion 
255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
 
 
By referring to a large number of documents, no data show that there is a direct 
conversion between pixels and the actual distance, so we use the resolution of this intermediate 
variable will be measured distance output. In this design is the use of the Dell series of 
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computers, the resolution is set to 1600*900. The display screen width and height is 270*478 
(mm), computer pixel vertical size is 270 / 900=0.3mm. The camera used in this experiment is 
5000000 pixels, the picture is 2592*1944. In the computer to set the resolution is distortion, and 
due to the pixel is composed of dots, so in not very serious distortion, distortion of the rules for 
nine pixel compression for a pixel, so it should be square. So in this case, the ratio is 
[(2592*1944) / (1600*900)]2=3.50*3.50=12.25, that is, 8000000 pixels under the image of 12.25 
pixels in a pixel compression, the resolution is a/12.25, set up the image of the number is a, 
then the actual distance L=0.3* (a/12.25). 
 
 
5. Conclusions 
Study on some key techniques used in the industrial production target detection. 
Through theoretical analysis, algorithm research, and experimental verification, mainly 
completed the following work: 
1 Research mainly for detection of bottle cap, through the image preprocessing and 
precise processing to solve the human visual error rate and contingency, realized based on 
machine vision automated industrial inspection, not only improve the accuracy and also improve 
the efficiency. 
2 In contrast to the existing image preprocessing techniques, the image preprocessing 
operation is carried out according to the characteristics of the object from the common edge 
detection operators. An improved Sobel detection algorithm is proposed. 
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